There are many research studies in the literature, which have examined the free convective heat 10 transfer in porous enclosures, using the local thermal equilibrium model. For example, Baytas distinct. In these situations, the local thermal non-equilibrium models are required.
5
The local thermal non-equilibrium free convective heat transfer for regular fluid has found very 6 important practical engineering applications in thermal removal systems and petroleum applications. For 7 example, a highly conductive heat sink for cooling of high power electronic devices or the nuclear fuel 8 rods in a cooling bath can be modeled by the local thermal non-equilibrium model of porous media. 9 There are some excellent studies considering the local thermal non-equilibrium models for convective 10 heat transfer of fluids in porous media [8] [9] [10] .
11
Recently, nanofluids and high conductive metallic porous foams have been proposed as potential 12 media to enhance the heat transfer for applications in heat removal systems. Nanofluids have been 13 proposed as new engineered fluids with enhanced thermo-physical properties to increase the convective 14 heat transfer potential of conventional heat transfer fluids [11] [12] [13] [14] . Heat transfer potential of nanofluids 15 has been examined in many recent studies [15] [16] [17] [18] [19] . In the case of metallic porous foams, as the thermal 16 conductivity of porous foams is high, the temperature difference between the porous matrix and the free investigated for different temperature boundary conditions [24] , and different geometries including 10 shallow and slender porous cavities [26] , and triangular porous cavity [27] . fluxes at the surface. The hypotenuse wall is cooled and maintained at the constant temperature of Tc.
5
The flow in the porous medium is modeled using the Darcy-Boussinesq model. The local thermal non-6 equilibrium model is also employed to account the temperature difference between the phases. In the 7 heat equations, the temperature difference between the base fluid and nanoparticles as well as the 8 temperature difference between the base fluid and the solid-matrix is taken into account. Therefore, the 9 thermal equations are described by a three temperatures model. It is assumed that the nanoparticles are 10 well suspended in the nanofluid by using either surfactant or surface charge technology that prevents the The conservation equations for the total mass of mixture, Darcy momentum for mixture, thermal 1 energy in the fluid phase, thermal energy in the particle phase, thermal energy in the solid-matrix phase, 2 and mass of nanoparticles are written as, following non-dimensional variables: 
By using the non-dimensional parameters, the length and position of the heater and the aspect ratio of 5 the triangle can be represent in non-dimensional form as,
By considering the problem description and the schematic view of the model in Fig.1 , the 8 boundary conditions for the problem in non-dimensional form are given by, 
Here, the physical quantities of interest are the local and average heat and mass transfer from the left 10 vertical wall. The local Nusselt numbers for the base fluid, nanoparticles and the solid matrix, i.e. Nuf,
11
Nup, Nus, and the local Sherwood number Sh for nanoparticles are defined as, 
The average Nusselt and Sherwood numbers for the left wall are defined as, The set of partial differential equations, Eqs. (14)- (18), and the corresponding boundary conditions at 7 the walls, i.e. Eq. (23), are solved by employing the finite element method [35, 36] . In this regard, the 8 governing equations were formulated in the weak form [35, 36] . In the finite element method, the 9 quadratic elements and the Lagrange shape function were utilized [35] . also by neglecting the temperature difference between phases, the present study reduces to the study of indicates that near the top corner of the cavity, the temperature differences among the phases is small. In 8 this region, the temperature profiles are very close together, and hence, the corresponding temperature 9 gradients are strong. In contrast, at the right and the bottom areas of the triangular enclosure, the levels 10 of temperature profiles are not very close together, and hence, the temperature gradients are also low. the default set of non-dimensional parameters are also plotted for the sake of comparison. This figure   13 shows that the increase of the interface interaction between the base fluid phase and the porous medium 14 phase tends to shift the isotherms into the base fluid temperature. were also observed for the nanoparticles in Fig. 7 , but here the difference between the isotherms is more 4 distinct. This is because of the fact that the tiny nanoparticles would more easily follow the base fluid 5 behavior rather than the solid porous matrix. the fluid commenced to be heated, the local Nusselt number is significantly high. This is due to the fact 10 that the fresh cooled nanofluid starts to absorb heat from the heater, and hence, the heat transfer rate due 11 to diffusion mechanism is high. Then, the local Nusselt number falls rapidly to a fixed low level of 12 average Nusselt number. This is where the temperature of the porous matrix, nanoparticles and the base 13 fluid next to the wall starts raising. The raise of the temperature next to the wall reduces the temperature 14 difference between wall and its surrounding, which results in the decrease of the heat transfer. In this 15 region, the heat would be removed by both of the diffusive and advective mechanism, simultaneously.
16
Finally, a sudden raise in local Nusselt number can be observed at the top of the heater. This region, is 17 connected to the unheated surrounding areas, tending to strongly absorb heat from the heater element.
18
This figure also shows that the local Nusselt number for the base fluid is very high at the bottom of the 19 heater, but it is very low at the top part of the heater. Indeed, when the fresh and cold water reaches to 20 the heater element, it tends to strongly absorb the heat from the heater element. In this case, the 21 nanofluid not only carry the absorbed heat but also passes it into the surrounding media. In contrast, the 22 nanofluid gets hot and hotter as it passes over the heater, and hence, the local Nusselt number reduces the increment of γp tend to boost the effect of the interfacial interaction for the nanoparticles phase.
13
When γs is small (about unity), the temperature of the fluid phase is under the strong influence of the nanoparticles and the porous medium. The drift flux of nanoparticles phase was modeled by using 7 Buongiorno's nanofluid model, incorporating the Brownian motion and thermophoresis effects. The 8 governing equations were transformed into the non-dimensional form, and they have been solved by 9 using the finite element method. The main outcomes of the present study can be summarize as follows: 10 11 1-As the buoyancy ratio increases, the average Nusselt number for fluid phase decreases, for porous 12 phase increases and for nanoparticles phase first increases and then decreases. phases. Hence, the enclosures with a low aspect ratio could result in a higher heat transfer rate. 
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